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SUMMARY 


An air ejector was designed aad built to remove the boundary-layer 
air Irom the Inlet of a turbofan engine durinK an ac oti st Ic ground test 
pr&Ktam. The test pruKram objective was to evaluate an acoustically 
treated Inlet and to detotmlne the effect of che boundary layer on the 
acoustic properties of this inlet. This report describes (1) how the 
ejector was sired to m«>et the required 6.35 kilogram per second (14 lb/ 
see) bleed flow rate, (2) how the ejector performed during the acoustic 
test program, and (3) the performance of a scale-model ejector built 
and tested to verity the design. The noise output of the ejector was 
reduced t«> a minimum of 10 decibels below that of the engine for most 
test lundltlons by wrapping the ejector with acoustic In'.ulatlon and 
exhausting Into a muffler. Consequently, the ejector system proved to 
be on effective way of reducing the boundary layer thickness In the In- 
let of the tested turbofan engine. 


l.NTRODUrTION 

Noise research on turbofan engines lus led to using acoustic treat- 
ment on the Inlet walls to attenuate fan noise. A test program on at- 
tentiatlrK turbofan engine noise by using inlet acoustic treatment was 
conducted at the Lewis Research Center. This treatment was specially 
designed to reduce the noise produced by tlie acoustic propagation of 
various spinning modes in the Inlet which are produced by fan rotor- 
stator and inlet d Istort Ion-rotor Interactions. Also investigated was 
the effect of the turbulent boundary layer on the attenuation character- 
istics of the Inlet acoustic treatment. A third objective of this test 
program was to determine the effect of the boundary lay».r on fan source 
noise. In order to evaluate the effect of the boundary layer In this 
test program, a method of varying this boundary-layer thickness was re- 
quired. Several methods were considered, und an air ejector was 
selected. 

The test program was performed at the vertical lift facility (Vi F) , 
an outdoor acoustic test facility at the Lewis Research Center. A 
Lycoming YF-102 turbofan engine rated at a thrust of 32 470 newtons 
(7300 lb) was used. The bou.idary-layer bleed airflow requirement was 
approxlmatexy 6.35 klllogr.ims per second (14 Ib/scc) 'naximuro from an 
inlet air pressure of 87 600 newtons per square meter (12.7 psla). 

This report deset Ibes the procedures used In design ng an air 
ejector to remove this boundary- layer air, and It shows how the actual 
performance of the ejector compares with the predicted design perform- 
ance. It also describes how effective the ejector was in reducing the 
boundary-layer thickness during the test program. A major concern in 
using an air ejector at an acoustic test facility is whether the ejector 
noise can be suppressed enough so that it will not interfere with the 
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McouRtlc ou’dHuremvnta being taken of the engine. A deaeriptlun of the 
noise suppreselon techniques used to reduce the ejector noise Is In*- 
eluded, and a comparison of the noise difference between the suppressed 
ejector and the engine was made. A scale model of the ejector was 
built and tested to verify the adequacy of the design process before 
fabricating the full-scale ejector. An evaluation of this scaling Is 
also presented. Tne effect of boundary-layer thickness on fan noise 
and Inlet acoustic attenuation Is not included in this report. 


SYMBOLS 

A ejector mixing tube ar<*a 

ejector primary noxzlc throat area 
C nozzle flow coefficient 

I)^ distance from wall of tube N 

d ejector mixing tube diameter 

d^ ejector primary nozzle throat diameter 
>’ static pressure 

AP pressure drop through ejector primary nozzle 

Pq total pressure 

Pp ejector primary air pressure 

Pj ejector discharge pressure 

P|j ejector suction pressure 

T suction air temperature 

Tp primary air total temperature 

Vp free-stream velocity 

V,^ velocity at tube N 

Vj specific volume of fluid at inlet to nozzle 

Y expansion factor for compressible flow 
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6* Ituundary-laypr dlKplacemont thlcknosH 

t 

u)p ejector prlnuiry flow rate 

tai- ejector auction flow late 

DESIGN 

Ejector Requirement a 

The nuixlmum boundary-layer bleed flow requirement for the teat pro- 
gram was 6.3S klloKrama per second (14 Ib/aec) or approximately 10 per- 
cent of the total engine flow at nuixlmum power. This bleed flow which 
would be drawn from a minimum Inlet pressure of 87 600 newtons per 
square meter (12.7 psla) was ‘ » be varied from essentially zero to the 
i nuixlmum obtainable durinR a particular test run of the engine. The de- 

sign of the Inlet bleed ring required that the eje'^tor be connected to 
the bleed ring through six 10. 16-cent Imeter- (4- in .-) d lameter flexible 

( hoses (fig. 1). Eiich of these lines was approximately 7.62 meters 

(25 ft) long because of certain facility restrictions requiring thi' po- 
sitioning of the ejector some distance from the engine (fig. 2). Tlie 
1 bleed ring was constructed of perforated aluminum sheet with a pressure 

drop of approximately 3447 newtons per square meter (0.5 pslg) for the 
1 nuixlmun flow rate of 6.35 kilograms per second (14 Ib/sec). In order 

to obtain the required airflow with tliesc line losses. It was determ- 
ined that the ejector suction pressure should be approximately 0.5 
atmo8piie»‘e or 55 158 newtons per square meter .ibsolute (8.0 psiu). 
Therefore, the basic ejector design requlrena-nt was a nuixlmum flow 
rate of 6.35 kilograms per second (14 Ib/sec) at a suction pressure of 
55 158 newtons per squ.ire meter absolute (8.0 psla). Throttling the 
suction flow would be accomplished by varying the ejector primary air- 
flow. Another very important requirement was that the noise produced 
by the ejector would have to be a minimum of 10 decibels below that 
prod iced by the engine In order to obtain valid acoustic data during 
the test. 


Ejector Sizing 

One of the prime considerations In sizing the ejector Is the avail- 
able pressure and flow capabilities of the primary air supply, the VLF 
fncllitv at Lewis 1s supplied with 1 035 000 newtons per square meter 
(150 pslg) of air at a 454 kilogram per second (100 Ib/sec) maximum 
through a 6 l-cent Imet ei (24-ln.) line. The location of this line to- 
gether with the ne€»d to be able to position the movable shelter required 
extending tiie ali apply line approximately 30.5 meters (100 ft) through 
several bends to reach the elector nozzle as shown in figure 3. The 
maximum available primary nozzle pressure for the required 20.3- 
cent lmeter-(8-ln.-) diameter pipe with a shutotf and flow control valve 
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wdH I'lilcfl.it i>d tu be upi'roximately 689 476 newtunii per Hquare meter dheo- 
lute (100 phIk). The 20. 1-cent imeter- (8- In. -) diameter pipe wa« chusen 
•IN a p’ act leal aize lor both Installation purposes snd flow capacity. 

The elector was tt) exhaust to atmosphere throuKh a muffler for noise sup- 
pression. The ejector was sized according; to the methods described In 
references 1 and 2. The final deslKn curve shown In figure 4 was pro- 
duced by the procelur** described In reference 1. The design curve con- 

slats of two curves, one showing the ejector pressure ratio and the other 

the nuiHs fUni/ entrainment ratio; both ot rhese curves are functions of 

the ratio of suction to motive pressure. The design, for an area ratio 

(A/Aj) of 15, was picked from a family of curves with varying area ratios 
(ref. 1). It was chosen because It gave Initial values ot taot Ive gas 
pressure and flow entrainment ratio that were the most compatible with 
the requirements, .ind it also allowed for a reasonable ejector size for 
the facility. The sizing procedure lor the ejector begins by entering 
the curve it the required ejector pressure ratio of 1.83 and reading the 
ratio of suction tu motive pressure of 0.072 and entr.iinment ratio of 
0.40. To achieve a suction to motive pressure ratio of 0.072 requires a 
’’jot ive gas pressure of 758 000 newtons per square meter (111 psla), 
which Is very close to the available facility air pressure of 689 476 
newtons per square meter (100 psla). With an entrainment ratio of 0.4, 
the required prlnuiry nozzle flow rate Is 15.9 kilograms per second 
(35 Ib/sec). As a safety factor to insure that the ejector suction flow 
rate would not be imirginal. It was sized tor a required flow rate of 
9.07 kilograms per second (20 Ib/sec) Instead of 6.35 kilograms per sec- 
ond (14 Ib/sec); this resulted In a prlnuiry nozzle flow of 22.7 kilograms 
per second (50 Ib/sec). This safety factor was Included to account for 
flow losses which might occur because of small deviations In the required 
flow areas resulting from the use of st.indard size piping, slight Inaccur 
acles In the tlow equations and the design curves used, and losses ant Id 
pated In the bleed ring and flexllnes between the ejector and the engine 
Inlet. The next step was to determine the primary nozzle size that would 
pass a flow of 22.7 kilograms per second (50 Ib/sec) with a nuzzle pres- 
sure of 689 476 newtons per squire meter absolute (100 psia). It was 
assumed that the nozzle wou.id be exhausting to atmospheric pressure in 
the ejector mixing tube. A nozzle diameter d^ of 13.21 centimeters 
(5.2 in.) was calculated from equation (l)(ref. 3): 
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The nozzle exit area was sized for a supersonic nozzle with an exit Mach 
number of 2.0 (ref. 2). The mixing tube diameter was then calculated 
for an area ratio of 15 as follows: 
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15 


when* 




d - fj/lS d^ - 51.2 cm (20.1 In.) 

For eoHe of fabrlc.it Ion . the nozzle throat di.imeter and the mixinK 
tube diameter were changed to the cloaest standard pipe sizes of 12.82 
and 49. 53 centimeters (5.047 .ind 19.5 in.). The area ratio was then re- 
calculated at 

A . . 14.95 i 15 

^t (12.82)2 

For this area ratio, the flow through the primary nozzle is 2C.4 kilo- 
grams per second (45 Ib/sec) .ind the expected suction flow is 8.16 kilo- 
grams per second (18 Ib/sec). 

A -nixing tube length to dl.imeter (L/D) ratio of 10 was recommended 
in reference 2 for optimum ejector performance. However, because of 
limited space at the test facility the actual mixing tube L/D ratio was 
8.6. The mixing tube flow exhausted through a short diffuser section 
into the acoustic muffler which exhausted to atmosphere. The total 
length of the complete ejector and muffler system was 17.7 meters (58 ft). 
Figure 5 shows the full-scale ejector flow path geometry. 

A 1/200 scale model of the ejector (fig. 6) was built and tested to 
verify the adequacy of the design. The model was built from stainless 
steel tubing and fittings with several sizes of contoured inlet nozzles 
made from lucite. A metal plate with six holes simulating the six-tube 
inlet to the ejector was also tested. 


Noise Considerations 

The ejector was exhausted into a large muffler (fig. 3) capable of 
a 35-decibel reduction in sound power level at frequencies from 500 to 
8000 hertz. The muffler, which was approximately 5.49 meters (18 ft) 
in length by 2.13 meters (7 ft) in diameter, was capable of handling 
2832 cubic meters (100 COO actual ft^) of air per minute. The maximim 
total design airflow for the ejector system was 1555 cubic meters 
(54 895 ft^) per minute. 

All the primary air piping that vas above the ground plane was 
wrapped with a fo.im-lead acoustic insulation. The insulation contained 
three separate layers of acoustic ireatnent: A lead barrier with a 

density of 16.02 kilograms per cubic meter (1 Ib/ft^) was sandwiched 
between 2 . 54-cent imeter-(l-in. -) thick foam absorption layer and a 
1 . 27-cent imeter-(*j-ln. -) thick foam insulation layer. This material 
was also used to wrap the complete ejector assembly up to the exhaust 
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muffler. Sound attonuation through this Insulation was expected to be 
20 to 35 decibels in the 500- to 4000-hertz frequency range. 


FACILITY A.ND TEST HARDWARE 
Facility 

The vertical lift facility (fig. 7) is an outdoor acoustic test 
facility capable of testing turbofan engines up to a maximum thrust 
level of 133 440 newtons (30 000 lb). The large tripod structure sup- 
ports the cantilevered, overhead, thrust-measuring engine mount; the 
engine centerline is 2.9 meters (9.5 ft) above ground. The area around 
the test stand Is paved with concrete to provide a flat, consistent 
ground surface for acoustic measurements. The engine support and thrust 
measuring system can be rotated to allow the movable shelter to be rolled 
in place over the test stand. For this test program, a large engine 
muffler (fig. 2) was used to suppress engine exhaust noise in order to 
properly evaluate the effectiveness of the acoustic inlet. 

The engine and ejector were operated from the control room located 
approximately 120 meters (394 ft) from the engine test stand. The ejec- 
tor primary nozzle flow was controlled by two valves in the 20.3- 
centxmeter-(8-in. -) diameter feedline, a motor-operated gate valve and 
an air-operated butterfly valve. The butterfly valve had a position 
controller that allowed it to be set at any desired opening through an 
electrical to pneumatic transducer operated from the control room. The 
gate valve was used onl' as a snutoff valve. Various ejector parameters 
(fig. 8) were monitored in the control room on digital panel meters and 
analog chart recorders. A digital data acquisition system capable of 
recording pressures, temperatures, and other engine parameters and con- 
nected with i, computer system prints out engineering units in the con- 
trol room. 

Twelve 1.27-centimeter-(0. 5-in.-) condenser microphones were used 
to measure far field noise. These microphones at ground level were 
spared 10° apart, starting at 10° from the engine inlet centerline on a 
30. 5-meter (100-ft) radius from the engine. 


Test Hardware 

Engine . - The Avco Lycoming YF-10? engine used for this test is a 
two-spool turbofan engine with a bypass ratio of ft and a rated thrust 
of 32 470 newtons (7300 lb). The engine core consists of an eight 
stage compressor, a reverse flow annular combustor, and a four stage 
turbine. The compressor, which consists of seven axial and one centrif- 
ugal stage. Is driven by the first two (high pressure) stages of the 
turbine. The 102-centlmeter-(40.0-in.-) diameter fan and one supercharger 
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HtaKo <iri> drlv<>n thtirngti a 2.3 to 1 Mpfvd reduction Kt*.ir by tbe l.iMt 
two (low preHHure) turbine Htags;. 

A conlluent (low nozzle arranKom«>nt carrlen both the fan and core 
exhauHt throuKh a muffler transit lor pipe Into the muffler. KlKute 9 
ahows the complete engine, conlluent nozzle, and multler cxtennlun pipe 
wrapped with acouatlc* Inaulallun to lurcher attenuate any engine and 
exhauHt nolae. 

AcouBtlc f.ilet . - The arouMtlc Inlet 1m made up of Heveral aluml** 
num cyllndrlca. nectlonH (fig. 10) .md a fiberglanH bellmouth. There 
are two Mpaceru, four nectlonK which accept .icouHtlc llnera, a boundary- 
layer bleed ring, and a seal Meet ion which uncouples the weight lo.id ot 
the Inlet from the engine. The Inlet Is Hupported from the facility 
thrust structure. The acoustic liners used during the test program 
were of aluminum honeycomb sandwich construct ion. The honeycomb is 
bonded on one side to an aluminum backing sheet and on the other to an 
aluminum perforated sheet. These liners are bolted into the four cylin- 
drical acoustic sections as required during the test program. The 
boundary-layer bleed ring has six 10. 16-cent iraetcr-(4- In . -) diameter 
openings which receive the boundary-layer air after It passes through 
a perforated aluminum skin with a 20-percent open area. Six 10.16- 
cent imet er-(4-ln. -) diameter flex hoses are attached to the bleed ring 
at one end and the ejector at the other. The overall length ol the com- 
plete acoustic inlet assembly Is 371 ''eatimeters (146 in.) with an inside 
flow diameter of 102 centimeters (40 in.). The inlet was instrumented to 
measure static pressures and inlet air temperatures; it also had provis- 
ions for installing boundary- layer total pressure rakes to determine the 
thickness of the boundary layer. 


TE.ST I’ROCEUURE 
EJe;t.or and Engine 

First, several engine tests wore run to evaluate the per f orm.ince of 
the various acoustic treatment sections installed in the engine inlet. 
Next, the ejector was used to vary the boundary-layer thickness on the 
treated sections. To measure the boundary-layer thickness a boundary- 
layer rake with 10 total-pressure tubes was installed in the middle of 
the first acoustic ring downstre.im of the bleed ring. An online com- 
puter program calculated the boundary-layer thickness from the total- 
pressure readings on the rake .ind printed the results in the control room. 

The ejector w.is always started before the engine to avoid a back 
flow of air from the ejector into the engine inlet. The engine was 
started with the ejector at a low suction flow rate and suction pressure. 
As the engine w.is brought up to the desired power netting, the ejector 
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prinuiry flow w.«h Incroased to keep a aliuht poaltlve auction flow at all 
timva during engine operation. Data were taken at three engine fan 
apeeda, 7070, b900, and A500 rpm. Three boundary-layer bleed flow aet- 
t Inga were uaed at each engine apeed. Theae were near zero flow (aa 
cluae to zero aa practical without getting reverae flow), maximum flow, 
and one Intermediate flow. 


Ejector 

To determine ejector alone performance, the ejector waa teated with- 
out the engine running. Three conf igurat Iona were teated. The firat waa 
the baalc ejector with the alx 10. 16-centimeter-(4-in. -) diameter tubea 
on the inlet of the auction tube open to the atmoaphere. The second waa 
with the flex llnea connected from the ejector to the bleed ring ** the 
same aa for teating with the engine running. For the third teat, the 
holes in the perforated sheet of the bleed ring were taped; tliia effec- 
tively deadheaded the ejector auct'.on flow. For each of the test condi- 
tions the ejector waa run from minimum to maximum flow by varying the 
primary air pressure from 172 370 to 689 476 newtons per square meter 
absolute (25 to 100 paia). All of the ajector performance par.uneters 
listed in figure 8 were recorded. For the second teat configuration, 
acoustic data were taken to evaluate the acoustic performance of the 
ejector. 


Scale Model 

The 1/200 scale-model ejector waa bench tested using 1 034 214 
newtons per square meter (150 pslg) nitrogen aa the primary nozzle driv- 
ing medium. Four different inlet nozzles were used, three ASME lung 
radius inlets and a 6-hole inlet which simulated the flow area of the 
tubea on the inlet of the full-scale auction tube. The model was also 
run with the suction tube deadheaded. The primary presaure was varied 
from a minimum to approximately 827 37b newtons per square meter absol- 
ute (120 psla) , and all ejector parameters were recorded at each nozzle 
pressure. 


RESULTS AND DISCUSSION 

There are two full-scale ejector configurations which will be re- 
ferred to in the discussion of results. The first Is the ejector alone 
(not connected to the engine bleed ring) wlilch will be called the ejector. 
The second Is the basic ejector connected to the engine bleed ring through 
the six flex lines which will be callec the ejector system. All of the 
acale-tuudcl ejector performance data were ob.iined in the eject., r 
conf Igurat ion. 
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EJi'ctor Performance 

A -ompurlHon of full-scale eject'^r performance with leaign and 
scale-model data Is shown In flxure The full-scale ejector performed 
very close to that predicted by the deslKn curves. The compression ratio 
fell riKht op the desiKn curve at 1.83, and the flow entiainment ratio 
was 0.38 as compared to 0.40 for the desiKn point. Foi ttf-design con- 
ditions, the compression ratio curve followed the desiKn ,hrouKhoiit a 
large range of suction to motive pressure ratio values, wh.'le the entrain- 
ment ratio fell off considerably from the design curve at hiKher suction 
to motive pressure ratios. 

This deviation from the dosign perfornsince at off-design operation 
is expl.iined In reference 1. In theory each point on the* design curve 
is associated with an optimum ejector for the operating conditions in 
question. Adjacent points on this design curve represent theoretically 
different ejectors; that Is, for each value of the suction to motive 
pressure ratio, there is an optimum area for the exit of the motive gas 
noz?le. The perfornuince curves for the full-scale ejector then show the 
deviation from tlie design condition with a variation In the suction to 
motive pressure ratio botli ahovo and below the design value. This per- 
form.mce deviation did not hinder the test since the ejector was designed 
for a maximum required flow. Suction flow rates less than this maximum 
were easily obtained as the ejector was throttled down in flow to achieve 
the variation In boundarv-layer bleed. 

The primary and suction flow rates obtained over the complete opera- 
ting i ange are shown In figure 11. The maximum extrapolated ejector pri- 
mary and suction flow rates of 21.5 and 7.94 kllogr.iras per second (47.5 
and 17.5 Ib/sec), respectively, comi>are very well with our calcul.ited d ■- 
sign flow rates of 20.4 and 8.16 kilograms per second (45 and 18 Ib/sec). 
The ejector primary flow rate was calculted from the isentropic fIov)_ re- 
lations for a perfect gas through a sonic nozr.le (>.ip ■ 0.532 AtPp/*'Tp). 

The ejector suction flow rate was measured with a commercial flowmeter 
element sized for the suction tube di.iir.eter and expected flow rate. Two 
pressure tr.insducers , one for a low flow range and one for a high range, 
were connected to the flow sensing elements. 


Scale-Model Ejector Performance 

The results from the scale-model ejector tests arc compared to the 
full-scale ejector performance and design In figure 4. The flow entrain- 
ment ratio curve for the scale model shows good agreement at the design 
point and falls between the design curve and the full-scale data at higher 
suction to motive pressure ratios. The coirpresslon ratio curve sliows good 
agreement with design and full-scale data over most of the r.mge of suc- 
tion to motive- pi'ersurc ratios. At the design suction to motive pressure 
ratio of 0.072 the compression ratio is 1.58 as compared to the 1.83 


10 


required. Theretorc, the expected xuetlon prexHurw would be 64 121 
nevtonx per xquAre meter (9.1 pxla) compared to the deaired 11 11H 
newtuna per xquare meter (H.O pala). The rexulta of the acale-model 
texte verified the adequacy of the design process to ronti.iue the fab~ 
rleatlon of the full-scale ejector as originally deslxned. 


Ejector System Performance 

Ejector system performance data were taken without the engine oper- 
ating. The results sho«m In figure 12 clearly Indicate a drop In the 
ejector system flow entrainment ratio throughout the complete range of 
suction to motive pressures, wliile the compression ratio is slightly 
higher then the basic ejector. This expected decrease In perfornuince 
Is a result of the losses In tlie flex lines and the perforated sheet of 
the bleed ring. As a result, the .sia.licum suction flow for the ejector 
bleed system without the engine running was approximately 4.3 kilograms 
per second (9.1 Ib/sec) compared to the expected 6.31 kilograms per 
second (14 Ib/sec). 

Even though the m.ixlmum suction flow was somewhat less than was 
planned for. It was still enough to produce significant reductions In 
the boundary- layer thickness as shown In figure 13. The displacement 
thickness was reduced from 1.9 millimeters (0.071 In.) at zero bleed 
(low to 0.74 millimeter (0.029 in.) at maximum bleed flow; this Is a 
61-percent ri>duction In displacement thickness, ulsplacement thickness 
is a calculated value by which the flow streamlines are shifted sway 
from the wall owing to the boundary layer. Equation (2) was used to 
calculate the displacement thickness 6* from the total-pressure data 
taken near the wall of the Inlet with a boundary- layer total-pressure 
rake : 


6 * 


N ■ 10 
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Acoustic Comparison of Ejector and Engine 

If an ejector is to be usable in an acoustic evaluation of the ef- 
fect of boundary- layer bleed on Jet enplne fan noise, it should be at 
least 10 decibels quieter than the engine. Since the predominant fan 
nofse occurs at a frequency called blaae passage frequency. Che ejector 
must meet this 10-decibel requirement r.alnly at that frequency. Also, 
since this test was to evaluate fan noise, the data from the forward 
quadrant of the microphone array Is the most significant and Is used 
In the comparison. The noise difference between the engine operating 
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•Ion* and the cjcccor systea operating alone la ahown In figure 14. 
Acouaclc data from t%ro engine fan apeeda arc compared vikh data from 
the maximum ejector auction flow condition. At an engine fan apeed of 
7070 rpm, which waa the maximum apeed reached In the teat program, the 
ejector was conalderably quieter than the 10 declbcla required through 
the complete 120° microphone array. At the minimum engine fan apeed 
teated (4465 rpm), the nolae difference waa leaa than the required 10 
declbcla at microphone anglea greater than 70° from the engine Inlet. 
Even ao, the acouatlc performance of the ejector ayatem, wrapped with 
acouatlc Inaulatlon and exhauatlng Into a muffler, waa conaldcred ade- 
quate (eapeclally at the higher engine apeeda) to properly evaluate the 
effect of boundary- layer thlckneaa on the engine Tan nolae and the Inlet 
acouatlc treatment. It seems probable that with additional acoustic 
Insulation and a muffler designed specifically for this test, the 
ejector nolae could be suppressed even further, especially at the rear 
quadrant tngles. 


CONCLUDING REMARKS 

Ai; air ejector was designed and built to remove boundary-layer air 
from the Inlet of a Jet engine during performance testing of an acous- 
tic Inlet. The performance of the ejector was predicted very well by 
the design curves used In sizing the ejector. A scale model of the 
ejector was built to verify ejector performance. 

Teat results Indicated that the ejector design would be adequate. 
The ejector was wrapped with acoustic Insulation and exhausted Into a 
muffler to reduce the noise output to a minimum of 10 decibels below 
that of the engine for most test conditions. As a result, the ejector 
system proved to be an effective way of reducing the boundary-layer 
thickness In the Inlet of the test turbofan engine in order to obtain 
the desired acoustic test conditions. 
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